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Performance Report
The energy spectrum of accelerated electrons from wave-plasma interactions in the ionosphere
Contract FA8655-10-1-3036

Prof. Mike Kosch (Lancaster University, UK)

Activities:

A HAARP campaign was executed 1-15 April 2010. Dr. Bjorn Gustavsson attended from the UK with
optical equipment from Sweden and the UK. Unfortunately, no useful data was obtained. It was
therefore necessary to find the resources to repeat the campaign effort (see budget below).

A HAARP campaign was executed 21 March — 5 April 2011. Dr. Bjorn Gustavsson (3/21 — 4/5) and
Prof. Mike Kosch (3/21 — 3/25) attended from the UK with optical equipment from Sweden and the
UK. Very good optical data was obtained at multiple wavelengths (427.8, 557.7, 630.0, 7320.0, 777.4
and 844.6 nm). However, the emissions were highly structured in space and time. This fact, and the
lack of electron temperature data at HAARP, made data analysis difficult. It became necessary to
develop a quantitative model of the pump-wave self-absorption in the ionospheric D-region
(publication 1), a quantitative model of electron heating in the ionospheric F-region (publication 2)
taking into account D-region absorption, and an empirical model of electron temperature and optical
emission intensity enhancements (publication 3) as a function pump wave power. These tasks have
been completed now (see publications 1-3) using the EISCAT facility with its incoherent scatter radar,
so progress on the originally specified task at HAARP can now be made.

Publications:

1) A. Senior, M.T. Rietveld, F. Honary, W. Singer, and M.J. Kosch. Measurements and modelling of
cosmic noise absorption changes due to radio heating of the D-region ionosphere. J. Geophys.
Res.,116, A04310, doi:10.1029/2010JA016189, 2011.

2) A. Senior, M.T. Rietveld, T.K. Yeoman and M. J. Kosch. The dependence of F-region electron
heating on HF radio pump power: measurements at EISCAT Tromso. J. Geophys. Res., 117, A04309,
doi:10.1029/2011JA017267, 2012.

3) C. J. Bryers, M. J. Kosch, A. Senior, M. T. Rietveld and T. K. Yeoman. EISCAT observations of
pump-enhanced plasma temperature and optical emission excitation rate as a function of power flux.
Accepted J. Geophys. Res., doi:10.1029/2012JA017897, 2012.
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Budget:

Purchases are round to the nearest Dollar, and an exchange rate of 1 GBP = 1.6 USD has been
assumed.

Equipment:

Filters (427.8, 777.4 & 844.6 nm), field-widening mirror, and lens: 1,340-
HAARP campaigns:

2010 (1 person, including flights, accommodation, shipping and consumables): 4,638-

2011 (2 persons, including flights, rental car, accommodation, shipping and consumables): 9,482-

Total: 15,460-

The original budget ($8580-) was exceeded by $6880- and this was resourced from elsewhere.

Collaborations:

The HAARP activity supported by EOARD has resulted in multiple collaborations between US
scientists and the EISCAT facility in Norway, which is part-owned by the UK:

1) A proposal with Dr. Todd Pedersen (AFRL, Albuquerque) entitled “Heater-induced Artificial
Tonisation Layers” (HAIL) was awarded 22 running hours on EISCAT (worth $52,800-) and
the campaign was successfully executed in July and November 2011. Another similar
experiment is expected in 2012.

2) Two third-party EISCAT proposals involving Dr. Paul Bernhardt (NRL, Washington) entitled

“Stimulated electromagnetic emissions and ionospheric temperature” and “Stimulated
electromagnetic emissions and field-aligned irregularities” were awarded 18 and 24 hours
(worth $43,200- and $57,600-), respectively. These will be executed in July 2012.

3) Dr. Paul Bernhardt (NRL, Washington) visited Lancaster University in the UK 21-22 March
2012 for the purpose of coordinating our EISCAT support for the CARE-2 rocket launch
from Andoya Rocket Range in Norway, scheduled for August/September 2013.

4) Prof. Wayne Scales (Virginia Tech) was awarded 20 running hours on EISCAT (worth
$48,000-) for a proposal entitled “Radiowave heating of mesospheric dusty plasma”, which
was executed in July 2009. This work was before the period of the EOARD grant. However,

following our conversion of the EISCAT Heater into an HF-radar, collaboration will continue

with an experiment entitled “PMSE actively charged dust”, which has been awarded 24
running runs on EISCAT (worth $57,600-), scheduled for July 2012.

5) I anticipate a new collaboration with Prof. Bill Bristow (Geophysical Institute, Alaska) to
support his discovery at HAARP that the growth of ionospheric irregularities depends on
plasma temperature. The incoherent scatter radar at the EISCAT facility will be used to
observe the electron temperature whilst generating artificial field-aligned irregularities.
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